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Abstract 

OBJECTIVE: To elucidate the protective effect of Qingdai 
(Indigo Naturalis, QD) on ulcerative colitis (UC) by means 
of in silico and in vivo approaches. 

METHODS: A systems pharmacology analysis was per-
formed to predict the active components of QD whereas 
the putative biological targets of QD against UC were 
obtained through target fishing, network cons-truction and 
enrichment analyses. Meanwhile, we examined the 
ameliorative effect of QD in a mouse model of dextran 
sulfate sodium (DSS)-induced colitis. During the 10-day 
experiment, the control and diseased mice were given 
with oral gavages of QD (1.3 g raw herbs·kg-1·d-1) 
or 5‐aminosalicylic acid (5-ASA, 100 mg·kg-1·d-1) 
every day. The underlying pharma-cological mechanisms 
of QD in UC were determined using polymerase chain 
reaction tests, histological staining, enzyme-linked 
immunoassays, and Western blotting analysis. 

RESULTS: Searching from various network 
pharmacology databases, 29 compounds were identified 
in QD. According to the screening criteria suggested by 
TCMSP (i.e. OB ≥ 30% and DL ≥ 0.18), nine of them were 
considered the active ingredients that contribute to the 
ameliorative effects of QD on different mouse models of 
colitis. Most importantly, the protective effect of QD on 
DSS-induced colitis was significantly associated with 
modulations of the expression levels of glycogen 
synthase kinase 3-β (Gsk3-β) and forkhead box p3 
(Foxp3), which are widely considered as important 
regulators of excessive inflammatory responses. 

CONCLUSIONS:  The results of this study provide solid 
scientific evidence for the use of QD or its core active 
components in the clinical management of UC.  

© 2023 JTCM. All rights reserved. 
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1. INTRODUCTION 

Ulcerative colitis (UC) is a nonspecific inflammatory 
disease of the gastrointestinal tract;1 however, the 
pathogenesis of UC has yet to be fully elucidated, and 
current medical treatment options aim to minimize the 
recurrence of flare-ups.2 The first-line therapeutics for 
UC include 5-aminosalicylic acid (5-ASA), gluco-
corticoids, immunosuppressants, and biological agents.2 
However, the effectiveness of these current therapeutics 
is barely satisfactory, as the recurrence rate of UC 
remains high in many patients. As a result, UC patients 
tend to seek alternative treatment options to alleviate 
their symptoms; Traditional Chinese Medicine (TCM) 
has become one of the most common forms of 
complementary and alternative medicine (CAM) in the 
clinical management of UC.3 In fact, various TCM 
formulations have been widely used in the prevention 
and treatment of UC in China for a long time.4 In 
particular, Qingdai (Indigo Naturalis, QD) has been 
shown to be beneficial as a UC treatment in clinical 
trials.5 
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In general, QD is extracted from the leaves or stems of 
medicinal plants of the Acanthaceae, Polygonaceae and 
Brassicaceae (or Cruciferae) families, such as Isatis 
indigotica, as dry powder, agglomerates or granules.6 
According to TCM principles, QD is responsible for 
detoxification and the clearance of “heat” while 
possessing some blood-cooling and shock-reducing 
properties. In this study, we aimed to elucidate the 
protective mechanisms of QD against UC using a mouse 
model of dextran sulfate sodium (DSS)-induced colitis. 
In addition to the in vivo experiment, network 
pharmacology databases were used to predict and explain 
the active compounds of QD, as well as their biological 
targets related to the amelioration of UC. Indeed, the 
holistic and systematic nature of network pharmacology 
correlates well with syndrome-symptom pattern based 
TCM treatment approaches.7 Based on the 
comprehensive network pharmacology analyses, this 
study aimed to investigate solid scientific evidence for 
the use of QD or its core active components in the clinical 
management of UC.  

2. MATERIALS AND METHODS 

2.1. Systems pharmacology screening of active 
compounds of QD 

All the active compounds of QD were obtained from the 
Traditional Chinese Medicine System Pharmacology 
Analysis Platform (TCMSP; http://lsp.nwu.edu.cn/ 
tcmsp.php).8 By means of in silico integrative 
pharmacokinetic evaluation suggested by TCMSP, 
candidate compounds with values of oral bioavailability 
(OB) ≥ 30% and drug-likeness (DL) ≥ 0.18 were selected 
for our further analyses. 

2.2. Construction of compound-target network 

For an overall exploration of the plausible pharma-
cological mechanisms of QD, the putative targets of the 
selected active compounds were searched via TCMSP, 
BATMAN-TCM (http://bionet.ncpsb.org.cn/batman-
tcm/),9 TCMID (http://bidd.group/TCMID/),10 Swiss 
Target Prediction (http://www.swisstargetprediction. 
ch/)11 and PharmMapper (http://lilab-ecust.cn/pharm-
mapper/index.html).12 The QD-target network was 
constructed using the Cytoscape 3.7.1 visualization 
software (http://www.cytoscape.org/).13 

2.3. Identification of disease-related targets 

The known UC-related targets were attained from 
various databases, including the Online Mendelian 
Inheritance in Man database (OMIM; http://www.omim. 
org/),14 Therapeutic Target Database (TTD; http://db. 
idrblab.net/ttd/),15 Pharmacogenomics Knowledgebase 
(PHARMGKB; https://www.pharmgkb.org/)16 and 
Genetic Association Database (GAD; http://geneti-
cassociationdb.nih.gov/),15 as well as text mining tools, 
such as DiGSeE (http://210.107.182.61/geneSearch),17 

Pathway Assembly from Literature Mining-and 
Information Search Tool (PALM-IST; http://www. 
hpppi.iicb.res.in/ctm/index.html),18 PolySearch2 (http:// 
polysearch.cs.ualberta.ca)19 and COREMINE (http:// 
www.coremine.com/medical).20 At the pathway level, 
the UC-related target proteins were obtained from the 
GEO DataSets with the species limited to Homo sapiens, 
expression profiling limited to arrays with sample size ≥ 
100 and the log fold change (logFC) value at ≥ 0.585 (i.e. 
the absolute FC value at ≥ 1.5). Further, the differential 
gene targets of the array analyses were compared using 
the GEO2R software (https://www.ncbi. nlm.nih.gov/ 
geo/geo2r/) whereas the UC-related datasets were 
presented using the Venn diagram (http://bioinfogp. 
cnb.csic.es/tools/venny/index. html).  

2.4. Network construction and analysis of QD on UC 

In order to illustrate the role of target proteins at the 
system level, the relevant targets acquired from the Venn 
diagram intersection were imported into STRING21 
(http://string-db.org) and complemented with a cut-off 
confidence score set at > 0.7  to obtain more credible data. 
The Protein-protein interaction (PPI) networks for active 
compounds of QD and UC-related targets were then 
established, and visualized using the Cytoscape 3.7.1 
software. An intersection was performed to identify the 
putative targets of QD against UC. For core target 
enrichment, Gene ontology (GO) and Kyoto Ency-
clopedia of Genes and Genomes (KEGG) enrichment 
analyses were subsequently performed using the 
clusterProfiler, AnnotationHub, AnnotationDbi, GOplot 
and ggplot2 libraries. A false discovery rate (FDR) < 
0.05 is considered to be an important functional category 
and regulatory pathway involved in the treatment of UC. 

2.5. Experimental animals 

C57/BL6 mice (Specific pathogen free grade) aged 6-7 
weeks old were purchased from the Guangdong Medical 
Laboratory Animal Center (Guangzhou, China, No. 
44007200051619). The handling of mice and all 
experimental procedures were performed in accordance 
with the guidelines of the SPF Animal Experiment 
Center of the First Affiliated Hospital of Guangzhou 
University of Chinese Medicine (Ethics No. SYXK 
2013-0092). 

2.6. Induction of colitis and drug treatment 

Thirty-two mice were randomly assigned into 4 groups 
(n = 8/group) according to the experimental design 
outlined in Figure S1. Experimental colitis was induced 
by giving the mice drinking water ad libitum containing 
2.5% DSS (MW: 36 000-50 000 Da) for 7 d followed by 
an additional consumption period of normal drinking 
water for 3 d. Group 1: saline treatment control 
(designated CON); Group 2: 2.5% DSS treatment 
(designated DSS); Group 3: 2.5% DSS treatment plus 
oral gavage (o.g.) of 5-ASA (designated 5-ASA + DSS); 
Group 4: 2.5% DSS treatment plus o.g. of QD 

http://lsp.nwu.edu.cn/%20tcmsp.php
http://lsp.nwu.edu.cn/%20tcmsp.php
http://lilab-ecust.cn/
http://www.cytoscape.org/
http://www.omim.org/
http://www.omim.org/
http://db/
https://www.pharmgkb.org/
http://geneti-cassociationdb.nih.gov/
http://geneti-cassociationdb.nih.gov/
http://210.107.182.61/geneSearch
http://string-db.org/
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(designated QD + DSS). The mice in the CON group 
were fed with drinking water without DSS and saline 
(o.g.) whereas the mice in the DSS group were fed with 
water containing 2.5% DSS and saline (o.g.) throughout 
the whole experimental period. While fed with 2.5% 
DSS, the mice in groups 3 and 4 were respectively given 
with 5-ASA (o.g.; 100 mg·kg-1·d-1) and QD (o.g.; 1.3 g 
raw herbs·kg-1·d-1) from day 0 till the end of experiment 
for a total of 10 d. The dosage of QD was equivalent to 
the typical clinical dosage (i.e. 0.15 g raw herbs·kg-1·d-1) 
for humans. During the 10-day trial, body weight, stool 
consistency and result of fecal occult blood test were 
recorded daily. 

2.7. Macroscopic evaluation of severity of colitis 

The severity of colitis in mice was assessed based on the 
loss of body weight, the scoring of stool consistency and 
the presence of fecal occult blood as we previously 
reported. The score of body weight loss was determined 
as follows: 0: (< 1% change of body weight); 1: (1-5%); 
2: (6-10%); 3: (11-15%); 4: (> 15%). The score of stool 
consistency was ranging from 0 (i.e. normal, no diarrhea) 
to 4 (i.e. rotten and watery stool). The presence of fecal 
occult blood was determined as follows: 0: negative; 2: 
moderate; 4: severe. The disease activity index (DAI) 
was calculated by combining the percentage of body 
weight loss, the score of stool consistency and the score 
of fecal occult blood test (Table S1). 

2.8. Histological examination of colonic sections 

After mice were sacrificed, distal colons were harvested. 
Samples were sectioned into 4 μm slices and subjected to 
standard hematoxylin and eosin (HE) staining for the 
evaluation of colonic architecture, loss of crypts, 
mucosal damage and lymphocyte infiltration. Images 
were examined and captured using the Nikon microscope 
(Nikon Corporation, Tokyo, Japan). 

2.9. Western blotting analysis 

The dissected colon segments were rinsed with 
phosphate buffer saline 2-3 times. Proteins were 
extracted from the colonic tissues using ice-cold radio-
immunoprecipitation assay buffer containing protease 
inhibitor. Protein content in each colonic sample was 
quantified using the bicinchoninic acid protein assay kit 
from Beyotime Institute of Biotechnology (Shanghai, 
China). The chemiluminescent reactions were then 
detected and captured by ChemiDoc fromBio-Rad 
Laboratories (Hercules, CA, USA). Protein bands were 
analyzed and quantified using the ImageJ software 
(National Institutes of Health, City of Baltimore, MD, 
USA). 

2.10. Real-time quantitative polymerase chain reaction 
(qRT-PCR) 

Total RNA was extracted from colonic tissuesand 
transcribed into cDNA using the PrimeScript RT master 

mix from TaKaRa biotechnology (Tokyo, Japan) 
according to the manufacturer’s instructions. The cDNA 
templates were then amplified with mouse-specific 
primers for Gsk3-β and Foxp3 using the TB GreenTM 
Premix Ex TaqTM Ⅱ from TaKaRa biotechnology (Tokyo, 
Japan). The target sequences were amplified with a hot 
start at 95 ℃ 3 min and 40 denaturation cycles at 95 ℃ 
for 15 s, annealing at 60 ℃ for 60 s and elongating at 
72 ℃ for 40 s. The primers were designed using the 
online tool Primer-BLAST, and the sequences are listed 
in Table S2. Expression of gene of interest of each 
sample was normalized to the endogenous control β-
actin, and semi-quantified using the comparative Ct 
method. Each experiment was performed in triplicate. 

2.11. Biochemical assessment of pro-inflammatory 
mediators 

Colonic tissues (10% w/v) were homogenized in ice-cold 
potassium phosphate buffer containing protease inhibitor 
followed by two cycles of sonication. The colonic levels 
of pro-inflammatory cytokines namely tumor necrosis 
factor-α (TNF-α), interleukin (IL)-1β and IL-17a  were 
measured using enzyme-linked immunosorbent assays 
(ELISAs, AndyGene Co., Ltd., Shanghai, China) 
according to manufacturer’s instructions. 

2.12. Statistical analysis 

The statistical differences were determined using SPSS 
21.0 (IBM Corp., Armonk, NY, USA), and the results are 
all expressed as mean ± standard derivation ( x  ± s). 
Kruskal-Wallis one-way analysis of variance was used 
for comparison among groups. The least significant 
difference test was used in the analysis of homogenous 
variance whereas Dunnett’s T3 test was used in the 
analysis of heterogenous variance, and P value of < 0.05 
was considered statistically significant. 

3. RESULTS 

3.1. Target prediction and ingredient analysis of QD 

From the network pharmacology-based analysis using 
TCMSP, a total of 29 compounds had been identified in 
Qingdai (Indigo Naturalis) (a.k.a. QD). Among these 
identified compounds, 9 of them (Table 1) were selected 
as core active ingredients as they satisfied the screening 
criteria suggested by TCMSP (i.e. OB ≥ 30% and DL ≥ 
0.18). A total of 58 putative targets of the core active 
compounds of QD had been retrieved via target fishing 
from various databases.  

3.2. Identification of UC targets 

By means of searching from relevant databases and 
utilizing text mining tools, 2104 UC-related targets had 
been attained. In consequence, we integrated the 
analytical results from different databases and combined 
with the GEO datasets to remove duplicates, 19 
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overlapped targets (i.e. AHR, BCL2L1, CA2, ESR1, F2, 
GSK3B, IFNG, JUN, KDR, MAPK14, NOS2, NOS3, 
NR3C1, PDE3A, PON1, PPARG, PTGS1, PTGS2 and 
TNF) were eventually obtained (Figure 1A), which are 
the potential targets of the active ingredients of QD in the 
prevention and treatment of UC.  

3.3. PPI network analysis 

In order to illustrate the role of target proteins at the 
system level, the potential targets acquired in the 
previous sections were imported into STRING to 
eliminate the unconnected targets. By utilizing the 
Cytoscape 3.7.1 visualization software, the PPI network 
of QD was generated with 56 nodes and 272 edges 
(Figure 1B). The green nodes represent the targets of the 
core active ingredients of QD whereas the red nodes 
represent the composite targets of QD and UC. In the 
network, the higher the target degree, the larger the node 
size is. On the other hand, the PPI network of UC 
analysis was generated with 1423 nodes and 13335 edges 
(Figure 1C). The yellow nodes represent the potential 
targets of UC whereas red nodes represent the composite 
targets of QD and UC. By intersecting the PPI networks 
of QD and UC analysis, we constructed the network 
diagram of core targets of QD treatment against UC, 
which include 17 nodes and 77 edges (Figure 1D). The 
node size is proportional to the target degree of QD in the 
treatment of UC; these 17 targets were presented in a bar 
chart according to the degrees of the nodes (Figure 1E). 
The top 5 nodes were TNF, PTGS2, JUN, NOS3 and 
PPARγ. For a better visualization of the relationships 
among the TCM herb, its core active ingredients, the 
putative biological targets and disease, a TCM-active 
ingredients-targets-disease network diagram is provided 
in Figure 1F. 

3.4. Enrichment analyses 

GO analysis was performed to gain a further insight into 
the most plausible mechanisms of QD in the treatment of 
UC. To the 19 identified potential targets, with the false 
discovery rate (FDR) threshold set at < 0.05, a total of 
1028 GO entries were identified (Figure 2A). These 
entries revealed that the protective mechanisms of QD 
are highly associated with a variety of biological 
processes, including small molecule metabolic process 

(GO:0044281), reactive oxygen species metabolic 
processes (GO:0072593), nitric oxide biosynthetic 
process (GO:0006809), reactive nitrogen species process 
(GO:2001057), as well as several molecular functions, 
such as nuclear receptor activity (GO:0004879), DNA-
binding transcription factor activity (GO:0003700), 
RNA polymerase II Transcription factor binding 
(GO:0016251), Hsp90 protein binding (GO:0051879), 
etc… In addition, the KEGG enrichment analysis was 
also performed on the target of QD for the treatment of 
UC, and a total of 78 signal pathways were obtained. R 
language was used to plot the KEGG histogram (Figure 
2B) whereas the degree of KEGG enrichment was 
determined by Rich factor, P-value and the number of 
genes enriched in the pathway. According to the highest 
numbers of genes, the highly associated pathways in the 
prevention and treatment of UC by QD include the IL-17 
signaling pathway, T-cell receptor signaling pathway, 
VEGF signaling pathway as well as Th1 and Th2 cell 
differentiation.  

3.5. QD decreased DAI scores and reduced colon 
shortening in DSS-induced colitis 

In the 10-day experimental trial, the administration of 
DSS led to obvious clinical changes in the C57BL6 mice. 
After consuming 2% DSS water for 2 d, the hair color of 
the diseased mice became dull whilst their activities were 
notably reduced. Their stools were loose and the fecal 
occult blood test yielded a positive result. After 4 d of 
DSS induction, most of the mice in the DSS group curled 
up into a ball and showed other clinical signs of colitis, 
such as lean body mass (Figure 3A), withered hair, low 
body temperature and bloody stool. From day 5 onwards, 
black feces, or even fresh blood around the anus, were 
observed in all of the mice in the DSS group. On the 
contrary, the mice in the treatment groups (i.e. the 5-
ASA+DSS group and QD + DSS group) increased food 
intake whereas their gross bloody stools diminished after 
2 d of drug intervention; however, their result of fecal 
occult blood test was still positive. Seven days after drug 
intervention, many of them showed soft granular or ball-
shaped stools, glossy hair and increased activity. At the 
end of the experiment, i.e. day 10 (Figure 3B), the DAI 
scores of the QD + DSS group (2.87 ± 0.23) and 5-ASA 
+ DSS group (3.12 ± 0.23) were significantly lower than 

Table 1 Active compounds identified in QD 
MOL_ID molecule_name OB (%) DL 
MOL000358 beta-sitosterol 36.91 0.75 
MOL001781 Indigo 38.20 0.26 
MOL001810 6-(3-oxoindolin-2-ylidene)indolo[2,1-b]quinazolin-12-one 45.28 0.89 
MOL002309 indirubin 48.59 0.26 
MOL002322 isovitexin 31.29 0.72 
MOL011100 bisindigotin 41.66 0.39 
MOL011105 indican 34.90 0.23 
MOL011332 10h-indolo,[3,2-b],quinoline 54.57 0.22 
MOL011335 Isoindigo 94.30 0.26 

Notes: QD: Qingdai (Indigo Naturalis); OB: oral bioavailability; DL: drug-like properties. 
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those of the DSS group (4.00 ± 0.16). Apart from the DAI 
scores, the severity of colitis was also implicated by the 
shortening of colon length. As shown in Figure 3C, the 
colons were shortened by more than 28% under colitis 
condition but were notably relieved by the treatment of 
QD.  

3.6. QD restored mucosal architecture in DSS-induced 
colitis 
The HE images revealed that the DSS induction notably 
disrupted the mucosal architecture of the colon, caused 
infiltration of lymphocytes and lymphoid follicles and 
increased the thickness of the muscle layer. Moreover, 

Figure 1 Results of network pharmacology-based analyses  
A: after searching from a variety of databases, the Venn diagram summarizes the targets in UC and QD; B: by using the Cytoscape 3.7.1 
visualization software, the PPI network of QD was generated with 56 nodes and 272 edges; C: the PPI network of UC analysis was generated 
with 1423 nodes and 13335 edges; D: the network diagram of core targets of QD treatment against UC, which include 17 nodes and 77 edges; 
E: 17 targets identified according to the degrees of the nodes presented in the previous figure; F: the ultimate TCM-active ingredients-targets-
disease network diagram was generated upon the above analyses. BCL2L1: apoptosis regulator Bcl-2; CA2: carbonic anhydrase II; ESR1: 
estrogen receptor; F2: thrombin; GSK3B: glycogen synthase kinase-3 beta; JUN: transcription factor AP-1; MAPK14: mitogen-activated protein 
kinase 14; NOS2: nitric oxide synthase, inducible; NR3C1: glucocorticoid receptor; PDE3A: CGMP-inhibited 3',5'-cyclic phosphodiesterase A; 
PON1: serum paraoxonase/arylesterase 1; PPARG: peroxisome proliferator activated receptor gamma; PTGS2: prostaglandin G/H synthase 2; 
ESR1: estrogen receptor; KDR: vascular endothelial growth factor receptor 2; MAPK14: mitogen-activated protein kinase 14; AHR: aryl hydro-
carbon receptor; CA2: carbonic anhydrase II; IFNG: interferon gamma; NOS3: nitric-oxide synthase, endothelial; TNF: tumor necrosis factor. 
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extensive necrosis, abscesses, ulcers, goblet cell death 
and irregular crypts were observed in the DSS-induced 
colonic tissues. In the QD + DSS group, the disruption of 
mucosal epithelia was significantly reduced whereas the 
number of intact crypts was considerably increased 
(Figure 4). Accompanied by the repair and hyperplasia 
of granulation tissue, tubular and thickened glands as 
well as the scattered lymphocytes and macrophages were 
retrieved in the lamina propria as shown in the zoom-in 
micrographs (Figure 4).  

3.7. QD inhibited activation of the GSK3-β/FOXp3 axis 
in DSS-induced colitis 

As GSK3-β and FOXP3 are important regulators of 
excessive inflammatory responses, we examined the 
effect of QD on these two pivotal factors in colitis. Our 
Western blotting results showed that the expression 
levels of GSK3-β and Foxp3 in colonic tissues of the 
DSS group were remarkably up-regulated when 
compared to those of the CON group. In addition, the 

Figure 2 Results of enrichment analyses 
A: a total of 1028 GO entries were identified from 19 potential targets upon the GO enrichment analysis; FDR < 0.05; B: a total of 78 signal 
pathways were obtained upon the KEGG enrichment analysis, R language was used to plot the KEGG histogram. GO: gene ontology; KEGG: 
Kyoto Encyclopedia of Genes and Genomes; FDR: false discovery rate; VEGF: vascular endothlial growth factor; PD-L1: programmed cell 
death-Ligand 1; TNF: tumor necrosis factor; NAD (P) H: dehydrogenase, quinone 2; FMN: flavinmononucleotide. 
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phosphorylation of GSK3-β was also elevated in the 
inflamed colonic tissues (Figure S2, Table 2). When 
administered with QD, the activation of the GSK3-
β/Foxp3 axis was signi-ficantly repressed in the diseased 
mice (Table 2). From our qRT-PCR results, we 
demonstrated that the 10-day intervention with QD 
notably suppressed the mRNA expression of GSK3-β in 

the colitic tissue whereas the transcript level of Foxp3 
was retained (Table 2).  

3.8. QD reduced pro-inflammatory mediators in DSS-
induced colitis 

It is well acknowledged that the production of pro-

Figure 3 Ameliorative effect of QD on experimental colitis 
A: change of body weight of each group was calculated as the percent difference between the original body weight at day 0 and the weight on 
any particular day during the experimental period. Values represent the averages of 8 mice; B: DAI scores of different experimental groups of 
mice; C: lengths of colons were measured at the time of sacrifice. Control group treating saline treatment control for 10 d.  DSS group consuming 
2.5% DSS water for 7 d followed by an additional consumption period of normal drinking water for 3 d. (5-ASA+DSS) group fed with 2.5% 
DSS, and respectively given with 5-ASA (o.g.; 100 mg·kg-1·d-1) from day 0 till the end of experiment for a total of 10 d. (QD+DSS) group fed 
with 2.5% DSS, and respectively given with QD (o.g.; 1.3 g raw herbs·kg-1·d-1) from day 0 till the end of experiment for a total of 10 d. QD: 
Qingdai (Indigo Naturalis); DAI: disease activity index; DSS: dextran sodium sulfate; 5-ASA: 5-aminosalicylic acid. aP < 0.005, DSS group 
compared with Control groups; bP < 0.05, (5-ASA+DSS) group compared with DSS groups. 

Figure 4 HE images revealing mucosal integrity in tissues in 10 d  
A, H: mucosal integrity in tissues (× 100 and × 200) of control group treating saline treatment control for 10 d. B, E:  mucosal integrity in tissues 
(×100 and ×200) of DSS group consuming 2.5% DSS water for 7 d followed by an additional consumption period of normal drinking water for 3 
d. C, G: mucosal integrity in tissues (× 100 and × 200) of (5-ASA+DSS) group fed with 2.5% DSS, and respectively given with 5-ASA o.g.; 100 
mg·kg-1·d-1) from day 0 till the end of experiment for a total of 10 d. D, H: mucosal integrity in tissues (× 100 and × 200) of (QD + DSS) group 
fed with 2.5% DSS, and respectively given with QD (o.g.; 1.3 g raw herbs·kg-1·d-1) from day 0 till the end of experiment for a total of 10 d. I: 
Histological scores were given based on the severity of colonic damages, lymphocyte infiltration and crypt disruption (n = 8/group). HE: 
hematoxylin-eosin; QD: Qingdai (Indigo Naturalis); DSS: dextran sodium sulfate; 5-ASA: 5-aminosalicylic acid. aP < 0.005 DSS group compared 
with Control groups; bP < 0.05, (5-ASA + DSS) group compared with DSS groups; cP < 0.05, (QD + DSS) group compared with DSS groups. 
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inflammatory cytokines is positively correlated to the 
occurrence of tissue injury and development of 
inflammatory events. By means of ELISA, we observed 
that the colonic levels of TNF-α, IL-1β and IL-17A in the 
DSS-colitis mice were elevated by >70% when 
compared to those of the control animals. With the 
application of QD, the stimulated production of colonic 
TNF-α, IL-1β and IL-17a was largely suppressed (Table 
4). Similar suppressive result was also observed in our 
qRT-PCR analysis as the mRNA level of TNF-α was 
significantly reduced in the colonic tissues of the QD + 
DSS group (Table 3).  

4. DISCUSSION 

Dysfunction of the intestinal mucosal immune system is 
critical to recurrent and prolonged UC, and an imbalance 
in T lymphocyte populations is a prerequisite for the 
dysfunction of mucosal immunity. According to the 
study by Sanchez-Munoz F and colleagues, the abnormal 

immune system of UC patients results from an 
imbalanced network of multifaceted cytokines and the 
sustained activation of immune cells.22 GSK-3β 
signalling and Foxp3 activation are thought to be the key 
factors in the development and maintenance of 
regulatory T cell (Treg cell)-dependent inflammatory 
events.23,24 
In recent years, Qingdai (Indigo Naturalis, QD) has been 
increasingly used in the treatment of various 
inflammatory diseases,25 including ulcerative colitis. In 
fact, the unique features of TCM in the treatment of UC 
and related disorders are based on the restoration of Qi 
(or Yin-Yang) in the human body to achieve homeostasis. 
In terms of ancient TCM theories, the medicinal herb QD 
possesses several therapeutic properties, including 
detoxification, the clearance of “heat”, nourishing the 
liver and blood cooling.26,27 According to recent 
evidence-based studies, QD plays a hormone-like role in 
immunoregulation, as well as in some antibacterial and 
antitumour mechanisms.28 Similar to Coptis chinensis, 

Table 2 Expression levels of FOXP3, GSK-3β and p-GSK-3β in colonic by means of Western blotting ( x  ± s) 
Group n FOXP3 GSK-3β p-GSK-3β 
Control 8 0.10±0.04 0.05±0.14 0.10±0.04 

DSS 8 0.55±0.95a  0.38±0.08 0.55±0.95a  

5-ASA+DSSS 8 1.46±0.18b 0.15±0.61b 0.27±0.08b 

QD+DSS 8 1.37±0.18c 0.13±0.50c 0.31±0.08c 

Notes: control: treated only phydiological saline for 10 d; DSS: consuming 2.5% DSS water for 7 d followed by an additional consumption 
period of normal drinking water for 3 d; 5-ASA + DSS: fed with 2.5% DSS, and respectively given with 5-ASA (o.g.; 100 mg·kg-1·d-1) from 
day 0 till the end of experiment for a total of 10d. QD + DSS: fed with 2.5% DSS, and respectively given with QD (o.g.; 1.3 g raw herbs·kg-1·d-1) 
from day 0 till the end of experiment for a total of 10 d. FOXP3: forkhead box protein 3; GSK-3β: glycogen synthase kinase-3 beta; p-GSK-3β: 
phospho-glycogen synthase kinase-3 beta; DSS: dextran sodium sulfate; 5-ASA: 5-aminosalicylic acid; QD: Qingdai (Indigo Naturalis).  aP < 
0.005 DSS group compared with Control groups; bP < 0.05, (5-ASA + DSS) group compared with DSS groups; cP < 0.01, (QD + DSS) group 
compared with DSS groups. 

Table 3 qRT-PCR results showed the regulation of mRNA levels of GSK-3β, TNF-α and FOXP3 in the colonic tissues of experimental mice 
(%, x  ± s) 

Group n GSK-3β TNF-α FOXP3 
Control 8 1.00±0.07 1.03±0.13 1.04±0.13  
DSS 8 2.15±0.22a  4.29±0.60a 0.43±0.06a 
5-ASA+DSS 8 1.46±0.18b 2.65±0.73b 0.82±0.06b 
QD+DSS 8 1.37±0.18c 2.20±0.51c 0.70±0.16c 

Notes: control: treated only phydiological saline for 10 d; DSS: consuming 2.5% DSS water for 7 d followed by an additional consumption 
period of normal drinking water for 3 d; 5-ASA + DSS: fed with 2.5% DSS, and respectively given with 5-ASA (o.g.; 100 mg·kg-1·d-1) from 
day 0 till the end of experiment for a total of 10 d. QD + DSS: fed with 2.5% DSS, and respectively given with QD (o.g.; 1.3 g raw herbs·kg-1·d-1) 
from day 0 till the end of experiment for a total of 10 d. qRT-PCR: real-time quantitative polymerase chain reaction; FOXP3: forkhead box 
protein 3; GSK-3β: glycogen synthase kinase-3 beta; TNF-α: tumor necrosis factor -α; DSS: dextran sodium sulfate; 5-ASA: 5-aminosalicylic 
acid; QD: Qingdai (Indigo Naturalis). aP < 0.005 DSS group compared with Control groups; bP < 0.05, (5-ASA + DSS) group compared with 
DSS groups; cP < 0.01, (QD + DSS) group compared with DSS groups. 

Table 4 Colonic levels of pro-inflammatory cytokines TNF-α, IL-1β and IL-17A were evaluated using ELISAs (pg/mL mg per tissue, x  ± s) 
Group n IL-1β TNF-α IL-17A 
Control 8 4.15±0.84 14.30±1.2 2.63±0.78 
DSS 8 19.11±1.75a 97.25±9.68a 8.59±2.41a 
5-ASA+DSS 8 10.93±0.99b 37.83±8.41b 3.83±0.98b 
QD+DSS 8 11.20±0.55c 47.24±6.05c 3.24±1.32c 

Notes: control: treated only phydiological saline for 10 d; DSS: consuming 2.5% DSS water for 7 d followed by an additional consumption 
period of normal drinking water for 3 d; 5-ASA + DSS: fed with 2.5% DSS, and respectively given with 5-ASA (o.g.; 100 mg·kg-1·d-1) from 
day 0 till the end of experiment for a total of 10 d. QD + DSS: fed with 2.5% DSS, and respectively given with QD (o.g.; 1.3 g raw herbs·kg-

1·d-1) from day 0 till the end of experiment for a total of 10 d. ELISA: enzyme-linked immunosorbent assay; DSS: dextran sodium sulfate; 5-
ASA: 5-aminosalicylic acid; QD: Qingdai (Indigo Naturalis); IL-1β: interleukin 1β; TNF-α: tumor necrosis factor -α; IL-17A: Interleukin 17A. 
aP < 0.005, DSS group compared with Control groups; bP < 0.05, (5-ASA + DSS) group compared with DSS groups; cP < 0.01, (QD + DSS) 
group compared with DSS groups. 
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another common anti-inflammatory herb, the deto-
xification and heat clearing effects of QD are highly 
associated with the inhibition of GSK-3β signalling.27 
Therefore, both QD and C. chinensis are considered 
effective GSK-3β inhibitors, as they have been 
demonstrated to suppress GSK-3β-mediated cellular 
differentiation, migration and apoptosis.26 In mouse 
models of colitis induced by DSS or TNBS, the use of 
GSK-3β inhibitors was effective in reducing the severity 
of inflammation and tissue injury in the colon.29,30 
However, the protective mechanisms remained unclear. 
In this study, we also observed that 10 d of oral QD 
administration led to decreased expression of GSK-3β 
and suppressed GSK-3β phosphorylation in the colonic 
tissues of diseased mice, and the DAI scores were 
notably decreased. 
GSK-3 is a member of the serine/threonine kinase family 
and exists as two subtypes, GSK-3α and GSK-3β, which 
are the key kinases in glucose metabolism.31 A growing 
body of evidence suggests that GSK-3 also plays 
important roles in biological processes in the human 
body, including protein synthesis, cell proliferation and 
differentiation and the immune response, in addition to 
carbohydrate metabolism.32,33 In the regulation of 
inflammatory diseases, namely, arthritis and multiple 
sclerosis, GSK-3 signalling is critical in the activation of 
the pivotal transcription factor nuclear factor kappa B 
(NF-кB) and the subsequent release of proinflammatory 
mediators, including TNF-α, IL-1β and IL-6.34,35 
Furthermore, the GSK-3β signaling pathway was 
demonstrated to play a very important role in the 
modulation of Th17 cell differentiation and the 
immunosuppressive activity of Treg cells.36 Beurel et al. 
showed that the protein level of GSK-3β was elevated by 
nearly 10 times in differentiated Th17 cells.31 In contrast, 
the inhibition of GSK-3β signaling led to a significant 
decrease in IL-6 production and STAT3-dependent Th17 
differentiation. In mice with encephalomyelitis, the use 
of GSK-3β inhibitors effectively suppressed the number 
of CD4+ Th17 cells, which are the major source of IL-
17A.37 Undoubtedly, IL-17 is a versatile cytokine 
involved in host defence and tissue repair. In our current 
work, the use of QD significantly reduced the colonic 
level of IL-17A in DSS mice and consequently resulted 
in the alleviation of colitis.  
According to a study by Graham et al,37 FOXP3 
expression was considerably stabilized in Treg cells after 
the administration of GSK-3β inhibitors, and the 
expression levels of β-catenin and the antiapoptotic 
protein Bcl-xl in Treg cells were accordingly enhanced. 
In fact, FOXP3 is mainly expressed in secondary 
lymphoid organs, such as the spleen and lymph nodes, 
and plays an essential role in the development of Treg 
cells.23 As a result, regulation of the GSK-3β/FOXP3 
axis appears to be extremely crucial in the development 
of prolonged inflammatory events and apoptotic cell 
death.  
In the current study, we demonstrated that oral 
administration of QD for 10 d significantly protected 

DSS-induced mice from severe colitis. The underlying 
protective mechanism involved not only the suppression 
of GSK-3β signalling but also the stabilization of Foxp3 
mRNA levels in colitis tissues. In addition to the reduced 
production of proinflammatory cytokines by GSK-3β 
inhibition, FOXP3 stabilization in Treg cells is also 
crucial for antiapoptotic events and the amelioration of 
epithelial damage. In clinical cases, the levels of 
Th17/Treg-dependent cytokines, namely, IL-1β, IL-6 
and IL-23, were significantly elevated in patients with 
immune diseases.38,39 It is widely acknowledged that an 
imbalance in Th17 cells, Treg cells and their 
corresponding cytokines results in the breakage of 
autoimmune tolerance and consequently leads to tissue 
damage and inflammatory events.40 Taken together, we 
believe that the effect of GSK-3β inhibition by the core 
active components of QD was derived from its regulation 
of Th17 cells and Treg cells. 
With the aid of network pharmacology-based analysis, 
we were able to predict the core active components of 
QD that contribute the most ameliorating effects in the 
treatment of UC. To further elucidate the protective 
mechanisms of QD, we used LC/MS to quantify the 
individual active components of QD and performed 
corresponding pharmacokinetic and metabonomic 
analysis of each of them. In addition, we may need to use 
cellular and animal models to validate the relevant 
signaling pathways and biological targets of the active 
ingredients of QD. 
In conclusion, the results of this study provide solid 
scientific evidence for the use of QD or its core active 
components in the clinical management of UC. 
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